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Fig.1 Sampling sites in Xiaohai [ figure number:GS(2019)3266]
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Table 1 Content of heavy metals in Xiaohai surface seawater

Unit: pg/L

Z= Season Cu Pb Zn Cd Hg As

Spring Minimum 0.16  0.50 nd 0.023 0.017 0.66
Maximum 4.87 8.01 11.35 0.050 0.104 1.28

Average 0.89 2.08 4.10 0.034 0.052 0.82

Autumn  Minimum 0.48 0.44 0.30 0.009 0.014 0.20
Maximum 1.68 5.75 11.70 0.057 0.104 0.50

Average 1.01 1.86 2.57 0.017 0.061 0.31

Note:nd means below the detection limit.
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Table 2 Seawater quality standard Unit:pg/L
o 14 56 2% . . .

Standard grade Cu Pb In Cd Hg As
Class T <5 <1 <20 <1 <0.05 <20
Class I <10 <5 <50 <5 <0. 20 <30
Class Il <50 <10 <100 <10 <0. 20 <50
Class IV <50 <50 <500 <10 <0.50 <50
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Fig. 2 Distribution of heavy metals in Xiaohai seawater in spring
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x3 NEEXINALTHNESERE
Table 3 Content of heavy metals in the muscle tissue of fish in

Xiaohai Unit: mg/kg

24 Category Cu Pb Zn Cd Hg As

Epinephelus coioides  0.13 nd 4.60 nd 0.121 0.67
Leiognathus equulus 0.22 nd 6.70 nd 0.043 1.13
Lutjanus fulviflamma 0.28 nd 5.10 nd 0.063 1.08

Paracentropogon

S 0.36 nd 7.20 nd 0.005 1.50
rubripinnis

Argyrosomus japonicus 0.17 nd  4.20 nd 0.046 2.74

Average 0.23 nd 5.56 nd 0.056 1.42

Note:nd means below the detection limit.

x4 EMRERE

Table 4 Evaluation standard limit Unit: mg/kg
i . > S
Standard Cu Pb 7n Cd Hg As
[13] 20 2.0 40 0.6 0.3 5.0
[21] 0.5 0.1 1.0 1.0
[22] 50 0.5 0.1 1.0 5.0

Note:[13],[21],[22] inorganic arsenic was converted to total arsenic
by 1: 10.

H4 R Heg As.Cu.Zn ZEAFFI IS 284 W)
WL AR A — o 25 5,5 P2 Hg & AR
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R MRS > 45 e T B > 550 A B £ Cu 7 B Oy 21 6 400 68
farh > 4 4 Y B > SR A > A B A > A B
Zn i Sk 2T 6 A0 8 fid > R > 4 0 S 9 > A A
PEfh > HA B A, o 4 @ 78 AN 6] (2 LA 2 2L
o 2 Rl e S H o v ARHHE s L 5 R
FALA AL Heg,Pb,Cd & 3%, X 5 7 &
0 B gT 4 R — 3
2.3 BHEATFEH

VAN (< = N P A S e R S e e 4
(P, OWE S5, AENMAHALH Cu.Pb.Zn,Cd, Hg
M As 1B 48 ok o 0,01 — 0.02,0.02,
0.11—0.18,0.01,0.02—0.40 Al 0. 13—0. 55, H[A
THEEI KRN As™>Hg>Zn>Pb>Cu=Cd, fi
KA AL H Cu,Pb,Zn.Cd By 5K T8 ¥ /N F
BUAE T 0.2, KW H A & 4L T 5 IE H (B K 5 S
WA B S IAH R He B9 FHE BRI H N
BT A Ry He b Jois Yes i A B fa
R As HTETG 3, R 2K As (19 20 K F5 4K
RUIHON RS,
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Table S P, ; values of heavy metals in the muscle tissue of fish

in Xiaohai

2 Category Cu Pb Zn Cd Hg As

Epinephelus coioides  0.01 0.02 0.12 0.01 0.40 0.13
Leiognathus equulus 0.01 0.02 0.17 0.01 0.14 0.23

Lutjanus fulviflamma 0.01 0.02 0.13 0.01 0.21 0.22

Paracentropogon 0.02 0.02 0.18 0.01 0.02 0.30
rubripinnis

Argyrosomus japonicus 0.01 0.02 0.11 0.01 0.15 0.55

Average 0.01 0.02 0.14 0.01 0.18 0.28

2.4 EMEERRY

/N 2 LA 2 2 b s s B AR ) AR R R
(BCF) W% 6, Cu.Pb.Zn.Cd.Hg 1 As i BCF %y
B 26.7—1 062.5,0.9—15.0,752.2—4 187.5,
174.4 — 277.8,294.1 — 4 653.8 Fl 1 015.2 —
3 971.0.5 Ffi 28 Xl g K 5 43 J B9 R AR R AR
As>7Zn>Hg>Cu>Cd>Pb, A [ X}k KE S
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Table 6 BCF of heavy metals in the muscle tissue of fish in Xi-

aohai
(ﬁljé Cu Pb Zn Cd Hg As
~ategory
Epinephelus o6 74 3 1360.9 241.9 4653.8 1015.2
coioides
Leiognathus -
407.4 4.1 4187.5 277.8 565.8 1712.1
equulus
Lutjanus 482.5 5.5 752.2 174.4 2232.1 1285.7
fulvi flamma

Paracentropo- —g7¢ o 150 1561.8 187.5 294.1 1898.7
gon rubripinnis
Argyrosomus

: OMUS 1 062.5 0.9 1088.1 250.0
Jjaponicus

575.0 3 971.0

Average 571.4 6.0 1790.1 226.3 1664.2 1976.6
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Fig. 4 Risk assessment of heavy metals in muscle tis-

sues of five fish species in Xiaohai
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Table 7 Comparison of heavy metal content in seawater in other sea areas Unit:pg/L
iz Ay

Sea area Year He Pb Cu Zn e
Study area 2020 0.056 0.5 1.97 0.95 3.34 0. 26
Wanning Xiachait*] 2011 0. 040 1.18 3.38 10.76 0.22
Beibu Gulf** 2017 0.100 0. 0.71 3.03 10. 00 0.17
Daya Bay!*" 2019 0.8 0.9 4.2 0.01
Tieshangang Bay'?" 2021—2022 0.038 0. 0.72 1.00 10. 93 0.10
Northern Bay of Hainan'?*! 2023 0. 057 0.5 2.07 8.68 26. 24 0. 14
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RES I E MR BRI B S A Y R A 5, ik
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Table 8 Comparison of heavy metal content in fish in other sea areas Unit:mg/kg
Sf ffea iﬁ Hg As Cu Pb Zn cd
Study area 2020 0.056 1.42 0.23 nd 5.56 nd
Hainan Wanning"”’ 2020 0.019 0.20 0. 30 0.06 3.00 0.021
Hainan coral reef area-™ 2012 0.052 4.17 0.32 nd 1.59
Changhua River estuary' " 2019 0.79 0. 60 0. 29 3.20 0.008
Bohai Sea** 2019 0.959 0.702 0.035 9.697 0.029
Rongcheng Bay™** 2016 0.049 0.25 0.79 0.19 5.18 0.0288
Xiamen Bay"*") 2019—2020 2.01 0.52 0.11 6.79 0.0037

Note:nd means below the detection limit.
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2020 AEF B EE A T T /N K Cua,
Pb.Zn.Cd.Hg 1 As B-F34 & &5 518 0. 95.1. 97,
3.34.,0.26.,0.056 F1 0. 56 png/L,Hg Fl Pb & i ik
b5 28 i 7K K BT bR 5 3 %7 38 8 Ak A Sk 6
Pb & &840 T4 = 2 7K oK B bm of . A B 2R Y
KW HA 4 M E SR & B/ A8 — 2808 KK b
. 5 E Py A SR L, /NI PR Cd % A X
B, He Bt T 48 7KF . Cu As Zn & AL T3¢
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Distribution Characteristics and Risk Assessment of Heavy Met-

als in Wanning Xiaohai

PANG Qiaozhu,CHEN Xiaohui, XIE Haiqun, LIANG Jilin" " , XING Kongmin" "
(Hainan Academy of Ocean and Fisheries Sciences, Haikou, Hainan,571126,China)

Abstract:In order to understand the pollution status and the health risk of heavy metals in the seawater and

fish organisms of Wanning Xiaohai, this study measured the content of 6 heavy metals (Cu,Pb,Zn,Cd, Hg,

and As) in seawater and the muscle tissue of five common economic fish species in Wanning Xiaohai. Single-

factor index (P, ;) and BioConcentration Factor (BCF) were used to evaluate the contamination degree in
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fish,and Target Risk Factor (THQ) was adopted to assess the health risk of heavy metals to humans. The
results showed that the content of Cu,Zn, Cd,and As in the seawater was below the [irst class seawater
standard, while that of Hg and Pb was within the scope of the second class seawater quality standard. The
content of Pb in some stations at the tidal channel was within the range of the third class seawater quality
standard, exceeding the management requirement. Compared with that in other sea areas in China,the seawa-
ter in Wanning Xiaohai demonstrated high content of Pb and Cd, moderate content of Hg,and low content of
Cu,As,and Zn. Compared with the historical data,Pb and Hg pollution aggravated. In this study,fish show-
cased obvious concentration of Zn, Hg,and As,weak concentration of Pb and Cd,and the As content in some
fish exceeding the limits specified in National Food Safety Standard Limits for Contaminants in Food. The
evaluation based on P, ; and THQ showed that the common fish in Wanning Xiaohai had mild pollution of As
and Hg,and As was the main health risk element. Long-term moderate consumption of the five common fish
species in this sea area will not pose health risks, while the metal pollution of seawater and fish here should
still be concerned. The regulatory authorities should strengthen the early warning and monitoring of Pb and
Hg in seawater and As and Hg in fish to prevent heavy metal pollution from harming human health.

Key words: Wanning Xiaohai;seawater;organism;heavy metal; bioconcentration;health risk
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